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Synopsis of thesis 
The studies described in this thesis focus on fidelity of initiation of protein synthesis in E. coli including 
the selection of initiator tRNA, rRNA modifications and evolution of initiator tRNA. The first chapter 
(Chapter 1) introduces the field of research, summarizes protein synthesis in general, briefs about 
recent developments, and describes the role of initiator tRNA. In chapter 2, the characterization of a 
mutant E. coli strain in order to understand the mechanism of selection of initiator tRNA is described. 
The following chapter (Chapter 3), describes the work aimed to study various aspects of functions of 
specific rRNA methylations. Finally, in chapter 4, the evolutionary origin of the initiator tRNA is 
discussed. The work described in chapters 2-4 are summarized below: 
(i) Role of transcription-recycling factor RapA in maintaining fidelity of translation initiation 
The process of translation initiation is a highly regulated step. The initiator tRNA is special class of 
tRNA which is specialized to function during the process of initiation. A special structural feature, a 
universally conserved 3 consecutive GC base pairs, present in its anticodon stem, is essential for its 
preferential targeting to the ribosomal P-site. Elucidating the mechanism by which these 3GC base 
pairs confer this selective advantage to the initiator tRNA is the aim of study in this chapter. An E. coli 
strain (named A30) carrying an unknown mutation in its genome that facilitates initiator tRNA to bind 
to the ribosomal P-site even when the 3GC base pairs are absent, was taken. First, the mutation was 
mapped on the E. coli genome by transposon based classical molecular genetics methods followed by 
identification of the mutation via sequencing the locus in which the mutation was initially mapped. It 
revealed that the mutation is present in the transcription recycling factor RapA where an alanine 
residue at 511th position was mutated to a valine residue.  
When the mutation was introduced in a wild type strain, it allowed the initiator tRNA, lacking the 3GC 
base pairs, to initiate translation. This result confirmed that the identified mutation was responsible 
for the desired phenotype. It was also shown by experiments that the mutant RapA causes a ribosomal 
protein S1 to be physically less associated with ribosome. Independent experiments established the 
role of S1 in the fidelity of initiation where it was shown that a 70S ribosome, depleted for S1, allows 
initiation with the tRNA lacking 3GC base pairs. The RapA mutation also caused a change in the 
transcriptome (identified by RNA sequencing analysis) within the cell which, in turn, altered metabolic 
pathways (identified by metabolomics studies using mass spectrometry) in such a way that the 
metabolites methionine, S-adenosylmethionine (SAM), and adenine were low in abundance in A30 
strain. How this might alter the ribosomal rRNA methylations and thus affect the fidelity of protein 
synthesis initiation is discussed.  
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(ii) Roles of 23S rRNA methyltransferases RlmH and RlmI in ribosome biogenesis and fidelity of 
translation initiation 
The results of the previous chapter emphasized the importance of rRNA methylations in fidelity of 
protein synthesis. The study in this chapter was aimed to identify the functions of two rRNA 
modifications which are results of activity of two rRNA methyltransferase enzymes namely RlmH and 
RlmI. The deletion of these enzymes affected the function of an essential translation factor called 
ribosome recycling factor or RRF. The deletion of these enzymes also caused a defect in the complex 
process of ribosome biogenesis resulting in poor growth at low temperatures. The defects caused by 
the deletion of these enzymes were rescued by two ribosome biogenesis factors. The deletion of these 
enzymes also caused a reduction in fidelity of initiation of protein synthesis indicating the importance 
of rRNA methylations in translation. The possible effects of these modification on RRF activity, the 
ways in which these modifications may play a role in ribosome biogenesis and in initiation are 
discussed in this chapter. Finally, the possible physiological roles of these modifications are also be 
discussed.  
(iii) Evolution of the initiator tRNA 
Tracing the evolutionary origin of initiator tRNA is the focus of this chapter. Phylogenetic trees of the 
minihelix region of the initiator tRNA showed that the initiator tRNAs arose before the branching of 
three domains of life, most probably before the origin of last common universal ancestor. Species 
specific phylogenetic tree analysis of all cellular tRNAs of 50 eubacterial species conclusively showed 
that initiator tRNA did not evolve from elongator methionine tRNA. The results also highlighted the 
most probable candidates: Pro, The, and Glu tRNA. The conservation of different regions of initiator 
tRNA, a possible time when different regions of tRNA evolved, role of metabolic pathways, and the 
role played by the increase in cellular complexity in the evolution of initiator tRNA are discussed. 
 
 
 
